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TUNED CONDUCTIVE COATINGS AND 
BLENDS FROM INTRINSICALLY 
CONDUCTIVE POLYMERS AND 
PROCESSES FOR MAKING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. Ser. No. 
08/690,598, filed Jul. 30, 1996 now abandoned which is, in 
turn, a continuation-in-part of U.S. Ser. No. 08/462,604, 
filed Jun. 5, 1995 (now abandoned). 

TECHNICAL FIELD 

This invention relates to conductive coatings and blends 
derived from intrinsically conductive polymers and film 
forming matrices. Specifically the invention relates to con 
ductive coatings comprised of an intrinsically conductive 
polymer and a functionalized film-forming matrix that pro 
vides controlled surface resistances in the range of 10 to 
about 10" ohm/square to insulating preferably substrates 
when applied with thicknesses ranging from about 0.1 to 30 
microns. 

BACKGROUND OF THE INVENTION 

Conductive coatings made by dispersion of intrinsically 
conductive polymers (ICPS) Such as polyaniline that are 
Significant for technical applications, are described in Syn 
thetic Metals 55-57 (1993) 3780–3785. Such coatings, 
while offering good clarity, water and heat resistance are 
limited in the range of Surface resistances that they can 
provide with present formulation technology, typically leSS 
than 1x10 ohm/square. With these formulations it is pres 
ently difficult to achieve Surface resistances reproducibly 
within the range 10 to 10" ohm/square. The limiting factor 
in controlling the Surface resistance arises from the nature of 
the percolation behavior of the conductive phase, and is 
common to other two-phase Systems of a conductor in an 
insulating matrix, Such as blends of intrinsically conductive 
polymers, carbon blacks, metal filled polymers, and the like 
in insulating polymeric matrices. In a two component Sys 
tem wherein a conductive component is dispersed in an 
insulating matrix, the conductivity of the resulting System 
remains unchanged until a critical Volume fraction of the 
conductive phase is reached, at which point there is a 
Sudden, very large increase in the bulk conductivity of the 
system. With further addition of the conductive component 
there is only marginal change in the conductivity of the 
System and the conductivity of the System is Saturated. The 
critical volume fraction of conductive filler for the Sudden 
onset of bulk conductivity is referred to as the “percolation 
threshold.' Typically this occurs with a change of conduc 
tivity of about 10° to 10 S/cm within a change in volume 
fraction of the conductive phase of about 0.5 to 3 volume 
percent. With Such a steep increase in conductivity with very 
Small changes in Volume fraction of conductive components, 
it is extremely difficult to reproducibly prepare controlled 
coatings in the thickness range of about 0.1 to 30 microns 
that provide the highly desired Surface resistances in the 
electrostatic dissipation (ESD)/antistat range of 10 to 10' 
ohm/Square. Thus, there is presently a limitation in the art 
for making coating formulation and blends that reproducibly 
and controllably provide surface resistances in the 10 to 
10" ohm/square range on insulating Substrates. 

Blends with intrinsically conductive polymers, especially 
with dispersible intrinsically conductive polymers in the 
powdered form are described in U.S. Pat. No. 5,217,649 and 
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2 
PCT/E88/00798. The definitions and concepts described 
therein are also applicable to the present application and are, 
therefore, incorporated by reference herein, for Such disclo 
SUC. 

The term “intrinsically conductive polymer” refers to an 
organic polymer containing a highly conjugated backbone 
comprising double and triple bonds, aromatic rings, and in 
Some cases heteroatoms Such as nitrogen, Sulfur, oxygen and 
the like, which also have been doped with electron donor or 
electron acceptor dopants to form a charge transfer complex 
having an electrical conductivity of at least about 1x10 
S/cm by the four-in-line probe method. Examples of Such 
polymers are polyanilines, polypyrroles, polyacetylenes, 
polythiophenes, polyphenylenes, and the like. 
With the rapid advancement in electronic data processing 

and communication Systems, electronic components have 
increasingly become Smaller and are inherently more Sen 
Sitive to electrostatic discharge especially during 
manufacture, handling, and packaging. Thus, the demand for 
effective Static discharge materials has become very acute. 
Plastics, which are preferred materials for packaging, are 
insulators with a surface resistance of greater than 10" 
ohm/Square and can generate charge by friction that is not 
effectively dissipated. When such plastics are used for 
packaging Static Sensitive materials, Static charge buildup 
can result in an uncontrolled discharge and result in damage 
to the electronic component that is packaged. Also, uncon 
trolled discharge can be a Safety hazard to the operator in 
Some instances. 

For effective controlled discharge protection, the ideal 
Situation is one wherein the electrical charges are dissipated 
nearly as rapidly as they are generated. Thus, at any point 
there is no accumulation of charge on the Surface of the 
plastic and, hence, no danger of hazardous electrostatic 
discharge. In order to do this effectively, the Surface resis 
tance of the packaging material should be leSS than about 
1x10" ohm/square, preferably between 10 and 10" ohm/ 
Square, even under eXtreme climatic conditions. 

Following is a discussion of the various materials for 
Static discharge protection. 

1. Antistatic agents Such as quaternary ammonium 
compounds, ethoxylated amines, alkyl Sulfonates, and Such 
function by ionic conduction and are dependent on humidity. 
They typically provide surface resistances in the 10' to 10' 
ohm/Square range when applied as thin Surface coatings, and 
even under ideal conditions provide only about 10' ohm/ 
Square. Further, there is a concern about their corrosive 
effect on electronic components. Thus, they fail to provide 
the necessary requirements for reliable electroStatic dis 
charge protection. 

2. Filled Systems. Such as conductive carbon loaded poly 
mers are capable of offering resistances lower than 10" 
ohm/Square, but Suffer from the disadvantage that they are 
black and non-transparent. Further, Sloughing is a common 
problem associated with conductive carbon compounds. 
Sloughing is the Shedding or flaking of carbon particles from 
the blend upon friction. These flakes are conductive and can 
cause short circuits in electronic components. Owing to the 
nature of the common percolation behavior of conductive 
carbons in insulating polymer matrices, it is extremely 
difficult to control the surface resistance in the 10 to 10' 
ohm/Square range with these compositions. 

There recently has been a considerable amount of interest 
in processing of intrinsically conductive polymers, espe 
cially polyaniline. Practical products are being explored. 

1. High conductivity coatings and films from polyaniline 
have been reported in Synthetic Metals 48, (1992) 91, 
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Synthetic Metals 55-57 (1992), 3514–3519, and Applied 
Physics Letters 60 (1992), 2711. The process involves 
Synthesizing doped polyaniline with hydrochloric acid, neu 
tralizing to obtain the emeraldine base and protonating it 
again with another acid, in this case preferably camphor 
Sulfonic acid in the presence of m-cresol. Coatings contain 
ing pure polyaniline with a high degree of optical transpar 
ency and extremely low Surface resistances have been 
prepared. The application of these materials is limited to 
very few Substrates that are resistant to attack by Solvent 
(m-cresol), such as polyethylene terephthalate (PET) and 
glass. Commonly used plastics in electronic packaging, Such 
as polyvinyl chloride (PVC), polyethylene terephthalate 
glycol (PETG), and polycarbonate, would be seriously dam 
aged by Solvent attack. In addition to the highly complex 
proceSS by which they are made, a further disadvantage may 
be seen in the fact that Some of the m-creSol remains in the 
conductive film and potential toxicological problems arise 
both during the proceSS and later use. Further, it is not known 
whether the coatings are resistant to heat, water and common 
cleaning Solvents. 

2. U.S. Pat. No. 4,526,706 describes a process for pre 
paring conductive lateX compositions. The five Step proceSS 
involves dissolving polyaniline base in a water miscible 
organic Solvent, forming a lateX by dispersing hydrophobic 
loadable polymer particles in an aqueous continuous phase, 
blending the polyaniline and latex Solutions, removing the 
organic Solvent and finally, converting the polyaniline base 
loaded lateX to the conductive polyaniline Salt loaded lateX 
by acidifying the lateX with a Suitable acid. The resulting 
latex can be coated on a polyester Substrate with a Surface 
resistance of 10° to 10 ohm/square. Despite the compli 
cated process, the coating possessed fair transparency, but 
no data on heat and water/Solvent resistance was provided. 

In Summary, the prior art discloses no simple and effective 
processes that are available for preparing conductive coat 
ings that are transparent, have good water and heat 
resistance, and provide controlled Surface resistances in the 
10 to 10' ohm/square range that are widely suitable for 
ESD and antistat applications. 

Therefore, there remains a need for conductive coatings 
that are commercially Suitable for electrical and electronic 
applications, which provide controlled Surface resistances in 
the range 10 to 10' ohm/square, are substantially trans 
parent and resistant to water and common cleaning Solvents 
Such as alcohols, and can be processed by conventional 
application techniques Such as gravure, Spray, dip and other 
coating methods. 

SUMMARY OF INVENTION 

It is an object of the present invention is to provide 
conductive compositions with Surface resistances in the 10 
to 10" ohm/square range. 

It is another object of the present invention to provide a 
technique for preparation of conductive coatings and blends 
with precise control of surface resistance in the 10 to 10' 
ohm/Square range. 

It is another object of the present invention to provide a 
technique for preparation of conductive coatings and blends 
from doped polyaniline with precise control of Surface 
resistance in the 10 to 10" ohm/square range. 

It is yet another object of the present invention to provide 
transparent conductive coatings that are Suitable for coating 
on various plastic Substrates using conventional coating 
techniques Such as gravure coating, Spray coating, dip 
coating and the like. 
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4 
It is still another object of the present invention to provide 

transparent coatings for ESD and antistat applications that 
are resistant to heat, water and common cleaning Solvents 
used in the electrical and electronic industry. 

It is further another object of the present invention to 
provide a transparent conductive coating having electrical 
properties that are independent of humidity. 

It is yet another object of the present invention to provide 
processes for making the coatings and blends of the present 
invention, and applying the coatings onto insulating Sub 
Strates to provide reproducible and controlled Surface resis 
tances in the range 10 to 10" ohm/square. 

It is yet another object of the present invention to provide 
coatings and blends of the present invention as antistatic and 
electroStatic dissipative finishes on insulating Surfaces. 

It is yet another object of the present invention to provide 
articles comprising the conductive coating formulations of 
the present invention. 

It is yet another object of the present invention to provide 
coatings and blends of the current invention as corrosion 
prevention primers for ferrous metals. 

In general, the present invention relates to a composition 
comprisinga) from about 80 to about 99.5 percent by weight 
of a functionalized film forming polymer matrix, and b) 
from about 0.5 to about 20 percent by weight of an intrin 
Sically conductive polymer dispersed in the matrix, wherein 
the functionalized film forming matrix controls the conduc 
tivity of the composition within a range of less than 5 orders 
of magnitude from about 10 to 10' ohm/square and is 
Selected from the group consisting of acyclic organic 
hydroxyl compounds, and acrylates and methacrylates con 
taining at least one functionality Selected from the group 
consisting of urethanes, epoxies, glycols, hydroxyls, poly 
esters and ethoxylates and propoxylates. 
The present invention also provides a composition com 

prising a) up to about 99.5 percent by weight of a film 
forming matrix comprising blends of i) 0 to about 10 parts 
by weight of a film-forming polymer with ii) from about 90 
to 100 parts by weight of a functionalized film-forming 
material, Selected from the group consisting of acyclic 
organic hydroxyl compounds So as to provide 100 total parts 
by weight of the film-forming matrix, and b) from about 0.5 
to about 20 percent by weight of an intrinsically conductive 
polymer dispersed in the matrix, wherein the functionalized 
film-forming material controls the conductivity in the com 
position within a range of less than 5 orders of magnitude 
from about 10 to about 10" ohm/square, and wherein the 
dried and cured composition has a conductivity greater than 
about 10 S/cm. 
The present invention also provides a composition com 

prising a) up to about 99.5 percent by weight of a film 
forming matrix comprising blends of i) 0 to about 50 parts 
by weight of a film-forming polymer withii) about 50 to 100 
parts by weight of a functionalized film-forming material So 
as to provide 100 total parts by weight of film-forming 
matrix, the material being Selected from the group consisting 
of acrylates and methacrylates, including monomers, 
oligomers, polymer precursors and polymers thereof and 
mixtures thereof, wherein the acrylates and methacrylates 
contain at least one functionality Selected from the group 
consisting of urethanes, epoxies, glycols, hydroxyls, 
polyesters, ethoxylates and propoxylates and b) from about 
0.5 to about 20 percent by weight of an intrinsically con 
ductive polymer dispersed in the polymer matrix, wherein 
the functionalized film-forming material controls the elec 
trical conductivity in the composition within a range of leSS 
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than 5 orders of magnitude from about 10 to about 10" 
ohm/Square, and wherein the dried and cured composition 
has a conductivity greater than about 10 S/cm. 

The present invention also provides a proceSS for making 
a conductive coating or blend composition comprising pre 
paring a dispersion of an intrinsically conductive polymer in 
a thermoplastic polymer matrix by mixing a) from about 0.5 
to about 20 percent by weight of the intrinsically conductive 
polymer, and b) from about 80 to about 99.5 percent by 
weight of a functionalized film-forming matrix, wherein the 
matrix controls the electrical conductivity in the composi 
tion within a range of less than 5 orders of magnitude from 
about 10 to about 10" ohm/square, the matrix being 
Selected from the group consisting of liquid and molten 
functionalized film-forming materials containing acyclic 
organic hydroxyl compounds and acrylates and 
methacrylates, including monomers, oligomers, polymer 
precursors and polymers thereof and mixtures thereof, func 
tionalized with Substituents Selected from the group consist 
ing of urethane, epoxy, glycol, hydroxyl, polyester, 
ethoxylate, and propoxylate, functionalities, and wherein the 
composition is polymerizable to form cured coatings and 
blends having Surface resistances in the range of from about 
10 to about 10' ohms/square. 
The intrinsically conductive polymer is typically dis 

persed in the functionalized film forming polymer matrix 
that controls and allows for tuning the electrical conductivi 
ties in dried coatings and blends in the range of 1 S/cm to 
3x10 S/cm. Compositions of this invention provide coat 
ing formulations that give reproducible Surface resistances 
to coated insulating substrates in the range 10 to 10' 
ohm/Square with coating thicknesses preferably in the range 
of about 0.1 to 30 microns. Coating compositions of the 
present invention containing Select conductive polymers 
further provide conductive coatings that have a high degree 
of optical transparency, and insensitivity to humidity, heat, 
cleaning Solvents, and water. 

Another aspect of this invention relates to the use of 
coatings and blends of the present invention as antistatic and 
electroStatic dissipative finishes on insulating Surfaces. 
Coatings of the present invention are especially useful for 
the prevention of Static buildup on devices, containers, and 
packaging used in the handling, manufacture, and Storage of 
Semiconductors, circuit boards, and other electronic devices 
Sensitive to electroStatic discharges. 

Another aspect of this invention relates to articles com 
prising the conductive coating formulations of the present 
invention. Useful articles include coated cathode ray tubes 
(CRTs) used for television sets, computer displays, and the 
like, wherein the transparent conductive coatings of the 
present invention provide antistatic and electroStatic dissi 
pative properties to the viewing Surface of these displayS 
thereby preventing electroStatic buildup, dust collection, and 
eye Strain resulting from the high electric fields generated 
from these devices. Other useful articles comprising coat 
ings of the present invention include polyester, polyvinyl 
chloride, and polycarbonate packaging materials for Semi 
conductor electronic components. Such coated articles pro 
vide the necessary electroStatic discharge protection needed 
during handling and Storage of these components. 

Another aspect of this invention relates to the use of 
coatings and blends of the current invention as corrosion 
prevention primers for ferrous metals. The functionalized 
film-forming resin offers improved adhesion to the metal 
Substrate enabling the conductive polymer to intimately 
interact and passivate the metal. 
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Another aspect of this invention relates to the use of 

coatings and blends of the current invention as primers for 
insulating Substrates, Such as plastic in powder coating 
application. Powder coats are applied electroStatically. Insu 
lating materials do not accept the coating well, but the 
antistatic properties provided by the compositions, provide 
uniform powder coatings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The conductive composition of this invention comprises 
two eSSential components. One of the essential components 
employed is a functionalized film forming polymer matrix. 
The film-forming polymer matrix includes at least a func 
tionalized film forming material that controls the conduc 
tivity in the coating and blends. This functionalized film 
forming material may comprise 100 percent of the film 
forming matrix or may be a significant ingredient compris 
ing the matrix. That is, other non-functionalized film form 
ing polymers can be used in conjunction with the 
functionalized film forming material to provide a film 
forming matrix that is capable of controlling the conductiv 
ity in the conductive composition. Preferably, the matrix will 
include from about 5 to 100 parts by weight and, more 
preferably, from about 50 parts to 100 parts by weight, of the 
functionalized film forming material and from about 0 to 
about 95 and, more preferably, from 0 to about 50 parts by 
weight of the conventional film forming polymer, depending 
upon the material and polymer Selected. Even more 
preferably, the matrix will include from about 90 to 100 
parts by weight of the functionalized film forming material 
and from 0 to about 10 parts by weight of the non 
functionalized film-forming polymer. 
The functionalized film forming material can be a 

monomeric, oligomeric, or polymeric organic material. Pre 
ferred classes of functionalized film-forming material used 
to achieve tuned electrical properties include but are not 
limited to acyclic organic hydroxyl compounds, and acyclic 
acrylates and methacrylates. The acrylates and methacry 
lates may be monomers, oligomers, polymer precursors or 
polymers functionalized with urethanes, epoxies, glycols, 
polyertons, polyesters, hydroxyls, ethoxylates, and propoy 
lates. This foregoing list of functionalities is provided for the 
purposes of example only and is by no means necessarily 
intended to be exhaustive. 
AS noted above, it will be appreciated that the amount of 

functionalized film-forming material employed in the com 
position must be an amount that is Sufficient to control the 
conductivity in the conductive composition within a range of 
less than 5 orders of magnitude for compositions containing 
more than about 0.5 weight percent and less than 20 weight 
percent conductive polymer, regardless of whether the film 
forming matrix is a blend of film-forming polymers and 
functionalized film-forming materials, or whether the film 
forming matrix includes 100 percent of the functionalized 
film-forming material. That is, whether there is some film 
forming polymer material or none, there will always be 
Some functionalized film-forming material. More 
particularly, it depends upon the material Selected, as will be 
discussed next. 

Useful film forming polymers for the matrices of the 
present invention include thermoplastic polymers, Solution 
processible polymers, thermoset polymers, and monomers, 
oligomers and polymers curable by heat, light, X-rayS, 
gamma rays, microwave radiation, UV radiation, infrared 
radiation, corona discharge, electron beams, and the like. 
Essentially any conventional film-forming polymer can be 
employed. 
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Illustrative of the film forming polymers useful in the 
practice of this invention are: 

poly(dienes) Such as poly(butadiene), poly(isoprene), and 
poly(1-pentenylene); 

polyolefins Such as polyethylene, polypropylene, and the 
like; 

polyacrylics and polyacrylic acids Such as poly(benzyl 
acrylate), poly(butyl acrylate)(s), poly(2-cyanobutyl 
acrylate), poly(2-ethoxyethyl acrylate), poly(ethyl acrylate), 
poly(2-ethylhexyl acrylate), poly(fluoromethyl acrylate), 
poly-(5,5,6,6,7,7,7-heptafluoro-3-oxaheptyl acrylate), poly 
(heptafluoro-2-propyl acrylate), poly(heptyl acrylate), poly 
(hexyl acrylate), poly(isobornyl acrylate), poly(isopropyl 
acrylate), poly(3-methoxybutyl acrylate), poly(methyl 
acrylate), poly(nonyl acrylate), poly(octyl acrylate), poly 
(propyl acrylate), poly(p-tolyl acrylate), poly(acrylic acid) 
and derivatives and Salts thereof; 

polyacrylamides Such as poly(acrylamide), poly(N- 
butylacrylamide), poly(N, N-dibutylacrylamide), poly 
(N-dodecylacrylamide), and poly(morpholyl 
acrylamide); 

polymethacrylic acids and poly(methacrylic acid esters) 
Such as poly(benzyl methacrylate), poly(octyl 
methacrylate), poly(butyl methacrylate), poly(2- 
chloroethyl methacrylate), poly(2-cyanoethyl 
methacrylate), poly(dodecyl methacrylate), poly(2- 
ethylhexyl methacrylate), poly(ethyl methacrylate), 
poly(1,1,1-trifluoro-2-propyl methacrylate), poly(hexyl 
methacrylate), poly(2-hydroxyethyl methacrylate), 
poly(2-hydroxypropyl methacrylate), poly(isopropyl 
methacrylate), poly(methacrylic acid), poly(methyl 
methacrylate) in various forms such as, atactic, 
isotactic, Syndiotactic, and heterotactic, and poly 
(propyl methacrylate); 

poly me thacrylamide S Such as 
carboxyphenylmethacrylamide); 

other alpha- and beta-Substituted poly(acrylics) and poly 
(methacrylics) Such as poly(butyl chloracrylate), poly 
(ethyl ethoxycarbonylmethacrylate), poly(methyl 
fluoroacrylate), and poly(methyl phenylacrylate); 

polyvinyl etherS Such as poly(butoxyethylene), poly 
(ethoxyethylene), poly-(ethylthioethylene), poly 
(dodecafluorobutoxyethylene), poly(2,2,2-trifluoro 
ethoxytrifluoro-ethylene), poly(hexyloxyethylene), 
poly(methoxyethylene), and poly (2- 
methoxypropylene); 

polyvinyl halides and poly(Vinyl nitriles) Such as poly 
(acrylonitrile), poly-(1,1-dichloroethylene), poly 
(chlorotrifluoroethylene), poly(1,1-dichloro-2- 
fluoroethylene), poly(1,1-difluoroethylene), poly 
(methacrylonitrile), poly(Vinyl chloride), and poly 
(vinylidene chloride); 

polyvinyl esters Such as poly(Vinyl acetate), poly 
(benzoyloxyethylene), poly (4- 
butyryl oxyben Xoyloxyethylene), poly (4- 
ethylbenzoyloxyethylene), poly(trifluoroacetoxy)- 
ethylene, poly(heptafluorobutyryloxy)ethylene, poly 
(formyloxyethylene), poly(2-methoxy-benzoyloxy) 
ethylene, poly(pivaloyl-oxyethylene), and poly 
(propionyloxyethylene); and hydrolyzed or partially 
hydrolyzed versions the reof, Such as poly 
(hydroxyethylene-co-acetoxy ethylene), poly 
(hydroxyethylene-co-formyloxyethylene), poly(Vinyl 
alcohol), and the like; 

other vinyl polymers, Such as poly(Vinylpyrrolidone) and 
the like; 

poly (4- 
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8 
hydroxyl containing polymers, Such as poly(butylene 

alcohol), poly(propylene alcohol), poly(Vinyl alcohol), 
poly(hydroxyethylene acrylate), and the like; 

polystyrenes Such as, poly(4-acetylstyrene), poly(3-(4- 
biphenylyl)styrene), poly(4-(2-butoxyethoxy)methyl 
styrene), poly(4-butoxymethylstyrene), poly(4- 
butoxystyrene), poly(4-butylstyrene), poly(4-chloro-2- 
methylstyrene), poly(2-chlorostyrene), poly(2,4- 
dichlorostyrene), poly(2-ethoxymethylstyrene), poly 
(4-ethoxystyrene), poly(3-ethylstyrene), poly(4- 
fluorosty rene), poly(perfluorostyrene), poly(4- 
hexylstyrene), poly4-(2-hydroxyethoxymethyl) 
Styrene, poly4-(1-hydroxy-1-methylpropyl)styrene, 
poly (2-methoxy methylstyrene), poly (2- 
methoxystyrene), poly(alpha-methylstyrene), poly(2- 
methylstyrene), poly(4-methoxystyrene), poly( 
4-octanoylstyrene), poly(4-phenoxystyrene), poly(4- 
phenylstyrene), poly(4-propoxystyrene), and poly 
(styrene); 

poly oxides Such as poly(ethylene oxides), poly 
(tetrahydrofuran), poly(oxetanes), poly(oxybutadiene), 
poly(oxychloromethyl)ethylene, poly (oxy-2- 
hydroxytrimethyleneoxy-1,4-phenylenemethylene-1,4- 
phenylene), poly(phenylene oxide), poly(oxy-2,6- 
dimethoxy-1,4-phenylene), and poly (oxy-1,3- 
phenylene); 

polycarbonates Such as polycarbonate of Bisphenol A, 
and poly-(oxycarbonyloxy-4,6-dimethyl-1,2- 
phenylene methylene-3,5-dimethyl-1,2-phenylene); 

polyesters Such as poly(ethylene terephthalate), poly(1, 
2- die thoxy carbonyl)ethylene, poly(1,2- 
dimethoxycarbonyl)ethylene, poly (oxy-2- 
bute nylene oxySebacoyl), polydi-(oxyethylene) 
oxyadipoyll, poly(oxyethylene-oxycarbonyl-1,4- 
cyclohe Xylene carbonyl), poly 
(oxyethyleneoxyisophthaloyl), polydi(Oxyethylene) 
Oxyoxalyll, polydi(Oxyethylene)-oxySuccinyl, poly 
(oxy-ethylene oxyte rephthaloyl), poly(oxy-1,4- 
phenyleneisopropylidene-1,4-phenyleneoxysebacoyl), 
and poly(oxy-1,3-phenyleneoxyisophthaloyl); 

polyanhydrides such as poly(oxycarbonyl-1,4- 
phenylenemethylene-1,4-phenylene-carbonyl), poly 
(oxyisophthaloyl), poly(maleic anhydride), copolymers 
and hydrolyzed versions thereof; 

polyure thane S Such S poly 
(oxcarbonyliminohexamethylene-iminocarbonyl 
oxy de came thylene), poly 
(oxyethylene oxycarbonyliminio-hexamethylene 
imino-carbonyl), poly(oxyethyleneoxycarbonylimino 
1,4-phenylene - trime thylene -1,4- 
phenyleneiminocarbonyl), poly(Oxydodecamethylene 
Oxycarbonyliminodeca-methyleneim inocarbonyl), and 
poly(Oxytetramethylene-oxycarbonylimino-1,4- 
phenylene methylene-1,4-phenyleneiminocarbonyl); 

polysiloxanes Such as poly(dimethylsiloxane), polyoxy 
(methyl) phenylsily lene, and poly 
(oxydiphenylsilylene-1,3-phenylene); 

polysulfones and poly(Sulfonamides) Such as poly 
oxycarbonyidi (oxy-1,4-phenylene)sulfonyl-1,4- 
phenylene oxy-1,4-phenylene, polyoxy-1,4- 
phenylene Sulfinyl-1,4-phenylene oxy-1,4- 
phenylenecarb onyl-1,4-phenylene), poly(oxy-1,4- 
phenylenesulfonyl-1,4-phenylene), and poly(Sulfonyl 
1,3-cyclohexylene); 

polyamides Such as nylon-6, nylon-6,6, nylon-3, nylon 
4,6, nylon-5,6, nylon-6.2, nylon-6,12, nylon-12, and 
poly(Vinyl pyrrolidone); 
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polyimines Such as poly(acetyliminoethylene), poly eth 
ylenimine and poly(Valeryl-iminoethylene); 

polybenzimidazoles Such as poly(2,6-benzimidazolediyl 
6,2-benzimidazolediyloctamethylene); 

carbohydrates Such as amylose triacetate, cellulose 
triacetate, cellulose tridecanoate, ethyl cellulose 
methylcellulose, carboxy methylcellulose, 
hydroxyethylcellulose, and the like; 

and polymer mixtures and copolymers thereof Such as 
poly(acrylo nitrile - co-sty rene) with poly (e- 
caprolactone), or poly(ethyl methacrylate), or poly 
(methyl methacrylate); 

poly(acrylonitrile-co-vinylidene chloride) with poly 
(hexamethylene terephthalate); 

poly(allyl alcohol-co-styrene) with poly(butylene 
adipate), or poly(butylene Sebacate); poly(n-amyl 
methacrylate) with poly(vinyl chloride); 

bisphenol A polycarbonate with poly(e-caprolactone), or 
poly(ethylene adipate), or poly(ethylene terephthalate), 
or novolac resin; 

poly(butadiene) with poly(isoprene); 
poly(butadiene-co-styrene) with glycerol ester of hydro 

genated rosin; 
poly(butyl acrylate) with poly(chlorinated ethylene), or 

poly(vinyl chloride); 
poly(butyl acrylate-co-methyl methacrylate) with poly 

(vinyl chloride); 
poly(butyl methacrylate) with poly(vinyl chloride); 
poly(butylene terephthalate) with poly(ethylene 

terephthalate), or poly(Vinyl acetate-co-vinylidene 
chloride); 

poly(e-caprolactone) with poly(chlorostyrene), or poly 
(Vinyl acetate-co-Vinylidene chloride); 

cellulose acetate with poly(Vinylidene chloride-co 
Styrene); 

cellulose acetate-butyrate with poly(ethylene-co-Vinyl 
acetate); 

poly(chlorinated ethylene) with poly(methyl 
methacrylate); 

poly(chlorinated vinyl chloride) with poly(n-butyl 
methacrylate), or poly(ethyl methacrylate), or poly 
(Valerolactone); 

poly(chloroprene) with poly(ethylene-co-methyl 
acrylate); 

poly(2,6-dimethyl-1,4-phenylene oxide) with poly(a- 
methylstyrene-co styrene), or poly(styrene); 

poly(ethyl acrylate) with poly(Vinyl chloride-co 
vinylidene chloride), or poly(vinyl chloride); 

poly(ethyl methacrylate) with poly(vinyl chloride); 
poly(ethylene oxide) with poly(methyl methacrylate); 
poly(styrene) with poly(Vinyl methyl ether); and poly 

(Valerolactone) with poly(Vinyl acetate-co-Vinylidene 
chloride); 

maleic anhydride copolymers, such as poly(maleic 
anhydride-co-ethylene), poly(maleic anhydride-co 
Styrene), and the like. 

Other useful polymers are those cited above that addi 
tionally are functionalized with various groups that alter the 
processibility, Solubility, Surface tension, and other physical 
properties of the matrix. 

The film-forming polymers may additionally be dissolved 
in or plasticized with a solvent. Useful solvents include 
aromatic, aliphatic, and functionalized aromatic and ali 
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10 
phatic Solvents. Preferred Solvents include Xylene, toluene, 
acetone, diacetone alcohol, isopropanol, ethyl alcohol, and 
the like. Especially preferred Solvents are those that are 
environmentally friendly. Where a solvent is utilized, 
amounts employed are 10 to 85 percent by weight, based 
upon total Solids content, depending on the Viscosity desired. 
The remaining components that provide 100 percent of the 
solids are hereinafter described. Whether produced from a 
blend or of only the functionalized material, 100 parts by 
weight of the film-forming matrix comprise up to 99.5 
percent by weight of the solids of the composition of the 
present invention. When the matrix is provided in this 
manner, it is not readily quantified Such as by weight 
percent, because the weight of the non-functionalized com 
ponent of the material varies widely. Nevertheless, the 
amount employed can be identified in terms of an amount 
that is sufficient to control the conductivity in the conductive 
composition within a range of less than 5 orders of magni 
tude for compositions containing more than about 0.5 
weight percent and less than 20 weight percent conductive 
polymer. 
The Second component employed in the practice of this 

invention is an intrinsically conductive polymer. Useful 
conductive polymers include polyanilines, Such as those 
described in U.S. Pat. No. 5,160,457, polythiophenes, 
polypyrroles, polyisothionaphthalenes, polyphenylene 
Vinylenes, polyarylene Vinylenes Such as those described in 
U.S Pat. No. 5,068,060, and substituted (functionalized) 
derivatives thereof. Preferred for the practice of this inven 
tion are conductive polymers comprising doped polya 
nilines. Especially preferred intrinsically conductive poly 
mers are those Selected from the class of doped polyanilines 
doped with Sulfonic or phosphonic acids. Also preferred for 
the practice of this invention are intrinsically conductive 
polymers in the form of particulates with particle sizes 
ranging from about 0.005 to 100 microns. Especially pre 
ferred are those with particle sizes in the range of 0.005 to 
0.5 microns. 

In general, the amount of intrinsically conductive polymer 
used in the practice of this invention can vary widely and 
may depend on the intrinsic conductivity of the pure poly 
mer. In the preferred embodiments of the invention, the 
amount of intrinsically conductive polymer employed is up 
to about to 20 weight percent, ranging from about 0.5 to 20 
weight percent in the dried, cured coatings and blends. In 
especially preferred embodiments of the invention, the 
intrinsically conductive polymer comprises about 0.5 to 10 
weight percent of the dried, cured coatings and blends. It is 
preferred that the intrinsically conductive polymer is incor 
porated into the coating in the form of a thermoplastic 
dispersion, as shown in FIG. 1. 

Although not wishing to be bound by any theory, it is 
believed that these conductivity controlling materials disrupt 
the normal percolation behavior of the dispersed conductive 
polymers in the insulating film-forming polymer matrices, 
thereby causing only a gradual and continuous increase in 
the conductivity of the matrix as a function of the percent 
loading of the conductive phase in the mix. Compositions of 
the present invention show Surprisingly broad percolation 
thresholds, and in Some cases the disappearance of a per 
colation threshold, over a wide range of concentration of the 
intrinsically conductive polymer. This gradual increase in 
conductivity, as opposed to an abrupt rapid increase in 
conductivity is what provides for the reproducible control 
and tunability of conductivity in the coatings and blends 
providing surface resistances in the range 10 to 10' 
ohm/Square. 
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In addition to the essential components, the compositions 
of this invention can include other optional components, the 
nature of which can vary widely, optionally including those 
materials which are known to those of skill in the art for 
inclusion in polymer articles and coatings. Such materials 
may be present which alter the physical or mechanical 
properties of the coating Solutions, or articles and coatings 
eventually cast from the Solutions. Materials may also be 
present which either fill or form a substrate for the conduc 
tive coatings cast from Solution. Illustrative of useful 
optional materials include reinforcing fibers, inert fillers 
Such as clays, micas, and Silica particles, colorants and 
pigments, flame retardants, processing aids, dispersants, 
adhesion promoters, and the like. When the dispersion 
contains Such additives, the amount of the film forming 
matrix is reduced by the amount corresponding to the 
amount of the additive. 
Methods for formulating and processing compositions of 

this invention can vary widely and include Solution and melt 
processing techniques. For example, compositions of this 
invention can be formed by heating and mixing a mixture of 
the various components to a temperature equal to or greater 
than the melting or Softening point of at least one of the 
polymer components to form a molten intimate mixture of 
the essential components to which optional components may 
be added as desired. Thereafter the mixture can be formed 
into a desired article through the use of any conventional 
shape forming technique. For example, the molten mixture 
can be spread on a Surface and allowed to cool forming a free 
Standing film or film coating on Substrates. The molten 
mixture can be extruded through a die to form films or fibers 
or injection molded into a suitable mold to form molded 
parts having the shape of the mold. 

The manner in which the molten intimate mixture of 
essential components and optional components is formed is 
not critical and a variety of conventional methods can be 
employed. For example, the molten mixture can be formed 
through the use of conventional polymer and additive blend 
ing means, in which the polymeric components are heated to 
a temperature equal to or greater than the melting point of at 
least one of the polymers, and below the degradation tem 
perature of each of the components. High shear or ultra 
Sonication can be used to effect the desired level of disper 
Sion. The order of mixing of the various components of the 
intimate mixture may not be critical. The desired amount of 
optional components in liquid or Solid form can be added to 
the molten polymer mixture while vigorously agitating the 
melt by Stirring, shearing, or irradiation with ultrasound, or 
they can be added prior to melting and mixing. 

Compositions of this invention can also be prepared by a 
Solution process, wherein a Solution of the functionalized 
film-forming polymer matrix, or polymerizable monomers, 
or oligomerS is formed. The desired essential and optional 
components in the desired amounts may be dissolved or 
dispersed in the Solution. AS noted previously, where a 
Solvent is utilized, amounts employed are 10 to 85 percent 
by weight, based upon total Solids content, depending on the 
Viscosity desired. The invention also provides for use of a 
thermoplastic dispersion of the intrinsically conductive 
polymer for clarity and conductivity. That is, the intrinsi 
cally conductive polymer can be dispersed as insoluble 
particles in certain Solvents. The dissolved and/or dispersed 
compositions of this invention can be Solidified into desired 
shapes by removal of the Solvent through use of conven 
tional techniques, Such as heat or air drying. For example, 
surface films of any desired thickness can be formed by 
removal of the Solvent from a Solution spread on a Surface. 
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Such thicknesses range from about 0.1 to 30 microns. The 
coatings can be cast as a thin film on a variety of plastics and 
other Substrates, without affecting the properties of the 
Substrate. The coatings can be applied by gravure, Spray, 
Spin and other conventional application techniques. Fibers 
and films can be made by extruding the Solution through a 
die. Shaped articles can be formed by removing the Solvent 
from Solution in a mold. 
When the film forming matrix comprises polymerizable 

monomers, oligomers or polymer precursors, Such as acry 
lates or methacrylates, film formation is preferably brought 
about by heat and/or electromagnetic radiation. When a 
coating is formulated for UV radiation curing, the coating 
composition will contain photoinitiators and coinitiators. 
When the formulation contains such additives, the amount 
of the monomer, oligomer, or polymer precursor is reduced 
by the amount corresponding to the amount of the additive. 
Suitable amounts range from about two to 10 percent by 
weight, with Six percent being preferred. Formulations for 
electron beam, X-ray, and gamma ray radiation curing do not 
normally contain photoinitiators. However, the formulations 
may optionally contain photoinitiators in amounts ranging 
from about one to eight percent by weight, for other benefits, 
again with an attendant decrease in the amount of monomer, 
oligomer or polymer employed to form the polymer matrix. 

Conductive coatings of the present invention can also be 
applied by film-transfer techniques, wherein the conductive 
coating is cast onto a carrier Substrate, Such as a Mylar or 
Stainless Steel foil, then cured or partially cured, then trans 
ferred to the desired Substrate by pressure rolling or other 
Suitable means. By this process, the conductive coating is 
transferred from the carrier to the desired Substrate material. 
Optionally, adhesives or other adhesion promoters may be 
used to adhere the conductive coatings to the Substrates. 
Other such film transfer processes known to those skilled in 
the art are anticipated under the Scope of the present inven 
tion. 
The electrically conductive coatings and blends of the 

present invention, and articles comprising the coatings and 
blends, can be used for any purpose for which antistatic and 
electrostatic dissipative (ESD) materials are useful. 
Examples of articles useful in the practice of this invention 
include but are not limited to antistatic optically transparent 
or non-transparent packaging materials for electronic and 
Semiconductor components, antistatic finishes for CRT 
Screens, antistatic floor waxes and finishes, ESD coatings for 
aircraft bodies and canopies, ESD coatings for carpet fibers, 
and the like. 
The coatings according to the present invention will 

display a surface resistance in the range of 10 to 10' 
ohm/square, independent of the function of humidity. 
Another characteristic of the present invention is that the 
tuned conductive coatings can be formulated as high Solids, 
and in Some cases, 100 percent Solids thus making them 
environmentally friendly. 

GENERAL EXPERIMENTAL 

The invention will now be further described in detail by 
descriptions of Specific demonstrations thereof. In the fol 
lowing examples and throughout this application, all parts 
and percentages are by weight. 

EXAMPLE 1. 

A composition containing 40 grams of VERSICONTM 
(doped polyaniline made by AlliedSignal, Buffalo, N.Y.),35 
grams of polymethyl methacrylate, 15 grams of 
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butyrolactone, 5 grams each of Sulfonamide plasticizer and 
an organic phosphate ester was processed on a two-roll mill. 
The resulting compound showed a conductivity of 27 S/cm, 
in the form of a flat sheet. 

EXAMPLE 2 

A composition containing 4.3 parts of the dispersion of 
Example 1, 45 parts of polymethyl methacrylate Solution 
(45%) and 50.7 parts of xylene was prepared. A 1 mil wet 
coating of the above Solution on a polyester film had a 
surface resistance of 9.0x10 ohm/square after drying. On 
varying the concentration of the composition from Example 
1 from 2 to 6 percent in the blend, the Surface resistance 
changed from 1x10' to 1x10 ohm/square, respectively. 

EXAMPLE 3 

A similar composition as in Example 2 containing a 
conductivity controlling material comprising a hydroxy 
functional acrylate was used instead of polymethyl 
methacrylate, and this formulation showed a Surface resis 
tance of 2.8x10 ohm/square (1 mil wet thickness on 
polyester). On varying the concentration of the dispersion 
from Example 1 in the blend from 2 to 6 percent, the surface 
resistance of dried cast coatings changed from 10" to 10 
ohm/Square, respectively. 

EXAMPLE 4 

A composition containing 4.3 parts of the dispersion from 
Example 1, 87.7 parts of ethoxylated nonylphenol acrylate, 
and 8 parts of a photoinitiator was prepared. A 1 mil wet 
coating of the above Solution on a polyester film had a (dry) 
Surface resistance of 1x10" ohm/square. On varying the 
concentration of the dispersion from Example 1 in the blend 
from 2 to 6 percent, the Surface resistance of dried cast 
coatings changed from 1x10' to 1x10' ohm/square, 
respectively. 

EXAMPLE 5 

A composition containing 4.3 parts of the dispersion from 
Example 1, 87.7 parts of ethylene glycol dimethacrylate, and 
8 parts of a photoinitiator was prepared. A 1 mil wet coating 
of the above Solution on a polyester film after drying and 
curing had a surface resistance of 1x10 ohm/square. On 
varying the concentration of the dispersion from Example 1 
in the blend from 2 to 6 percent, the Surface resistance of 
dried and cured coatings changed from 1x10 to 1x107 
ohm/Square, respectively. 

EXAMPLE 6 

Compositions containing 8, 6, 4 and 2 parts of the 
dispersion from Example 1 in a trifunctional acrylate, OTA 
480 from UCB Radcure, (a proprietary urethane) containing 
8 parts of a photoinitiator System, showed Surface resis 
tances after UV curing of 1x10", 1x107, 1x107 and 1x10 
ohm/Square, respectively. 

EXAMPLE 7 

A composition containing 8.0 parts of the dispersion from 
Example 1, 84 parts of caprolactone acrylate, and 8 parts of 
a photoinitiator was prepared. 1 a mil draw-down on a 
polyester film showed a surface resistance of 1x10 ohm/ 
Square after drying and curing with UV radiation. 

EXAMPLE 8 

In this Example, the percolation behavior (conductivity VS 
loading) for a dispersion of electrically conductive polya 
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niline (PANI) in five different coating compositions was 
evaluated to determine effectiveness of the present 
invention, employing materials to control the electrical 
conductivity. The materials Selected to formulate the coating 
compositions included: poly methyl methacrylate 
(designated PMMA), according to U.S. Pat. No. 5,494,609, 
owned by the ASSignee of record; hydroxy functional acry 
late (designated HFAC) and three additional acrylate Sys 
tems (designated ACRYLATE 1–3). The use of PMMA 
constituted a control, while the other materials exemplified 
practice of the present invention. The results were tabulated 
and have been reported in Table I which also lists the content 
of doped polyaniline in the dried/cured film versus the 
Surface resistance. The coatings were prepared by mixing 
the dispersion from Example 1 with various coating com 
positions. The Surface resistivities were measured on dried/ 
cured films for 1 mil wet drawn-downs. The PMMA coating 
was dried at 70° C. for 5 minutes. The hydroxy functional 
acrylate coating was dried at 125 C. for 20 minutes and the 
various acrylate formulations were cured using a photoini 
tiator and a UV source. 

TABLE 1. 

PERCOLATION BEHAVOR 

Weight % ACRYLATE 

Pani in Film PMMA HFAC 1. 2 3 

6.6 9 x 10 1 x 10 
6.O 1 x 107 
5.28 3.3 x 10 3.6 x 10 
4.62 8.4 x 10 
4.32 1.4 x 107 
4.00 6.5 x 10 1 x 107 1 x 100 1 x 10° 
3.53 1.2 x 10 
3.30 1 x 1012 
3.2 1 x 107 1 x 109 1 x 10 
2.84 6.5 x 10 
2.40 1 x 102 1 x 107 1 x 100 1 x 10 
1.6 1 x 107 1 x 109 1 x 10 

As can be seen from the data provided in Table I, PMMA, 
the control, showed a sharp percolation behavior, Seven 
orders of magnitude change over 0.7 weight percent polya 
niline (3.3 to 4.0), and inability to control the surface 
resistivity in the preferred 10 to 10" ohms/sq range. On the 
contrary, the coating compositions of the present invention 
showed a broad percolation behavior (HFAC) and in some 
instances (ACRYLATE), total disappearance of percolation 
behavior and ability to control surface resistivity in the 10 
to 10' ohms/sq range. 

EXAMPLE 9 

To various 100 part portions of the coating compositions 
of Example 2 were added 1, 1.5 and 2 parts of triethanol 
amine or 0.2 and 1 gram of ammonia to demonstrate 
addition of the conductivity controlling material after for 
mation of the coating. The components were mixed well and 
then 1 mil wet coatings were applied onto a polyester sheet 
and dried at 70° C. for 5 minutes. The surface resistivites 
were measured immediately after drying and again after 24 
hours. The results are tabulated in Table II. 
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TABLE II 

Surface Resistivity 
(Ohms/square) 

Additive Quantity O hours 24 hours 

Triethanol amine 1. 1.0 x 107 8.6 x 10 
1.5 3.2 x 10 2.4 x 10 
2.O 1.0 x 10 1.6 x 102 

Ammonia O.2 4.0 x 10 1.3 x 10 
1. 1.1 x 10 9.3 x 10 

Thus, it should be evident that the use of materials to 
control the electrical conductivity in compositions compris 
ing film-forming matrices and intrinsically conductive 
polymers, according to the present invention, is highly 
effective in affecting the percolation behavior of Such com 
positions. The invention provides that broad ranges of 
percolation are obtainable by the use of the materials dis 
closed and practice of the process. The invention can be 
practiced by adding a functionalized material to control the 
electrical conductivity, by blending Such functionalized 
film-forming materials with other conventional film-forming 
polymers, or by using functionalized film-forming materials 
to form the matrix for the intrinsically conductive polymers. 
The compositions of the present invention can be employed 
as conductive materials as coatings on various Substrates, as 
additives for corrosion prevention primers for ferrous metals 
and, as primers for insulating Substrates, Such as plastic, in 
powder coating applications. 

Based upon the foregoing disclosure, it should now be 
apparent that the use of the conductivity controlling mate 
rials described herein will carry out the objects set forth 
hereinabove. It is, therefore, to be understood that any 
variations evident fall within the scope of the claimed 
invention and thus, the Selection of Specific component 
materials can be determined without departing from the 
spirit of the invention herein disclosed and described. In 
particular, compositions according to the present invention 
are not necessarily limited to those employing polyaniline as 
the intrinsically conductive polymer, or hydroxy functional 
acrylate and other acrylates as the conductivity controlling 
materials, the examples having been provided merely to 
demonstrate practice of the invention. Thus, the Scope of the 
invention shall include all modifications and variations that 
may fall within the Scope of the attached claims. 
What is claimed is: 
1. A composition comprising: 
a) from about 80 to 99.5 percent by weight of a function 

alized film-forming polymer matrix, and 
b) from about 0.5 to 20 percent by weight of an intrinsi 

cally conductive polymer dispersed in Said matrix; 
wherein the functionalized film-forming matrix controls 

the electrical conductivity in Said composition within a 
range of less than 5 orders of magnitude from about 10 
to about 10' ohm/square and is selected from the 
group consisting of acrylates and methacrylates con 
taining at least one functionality Selected from the 
group consisting of urethane, epoxy, glycol, hydroxyl, 
polyester, ethoxylates and propoxylates. 

2. The composition of claim 1, which when applied to an 
insulating Substrate in thicknesses ranging from about 0.1 to 
30 microns, provides Surfaces resistances to Said insulating 
substrates in the range of from about 10 to about 10" 
ohm/Square. 

3. The composition of claim 1, wherein said intrinsically 
conductive polymer is Selected from the group consisting of 
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polyanilines, polythiophenes, polypyrroles, poly(phenylene 
Vinylene S), poly (arylene Vinylene S), poly 
(isothianaphthalenes), and Substituted derivatives thereof. 

4. The composition of claim 1, which additionally com 
prises processing aids, crosslinking aids, plasticizers, blow 
ing agents, lubricants, Surfactants, texturants, colorants, 
pigments, clays, micas, Silicas, flame retardants, Stabilizers, 
reinforcing fibers, adhesion promoters and mixtures thereof. 

5. The composition of claim 1, which additionally com 
prises an organic Solvent. 

6. The composition of claim 1, wherein said conductivity 
controlling polymer matrix provides a means of controlling 
the electrical conductivity of Said composition within a 
range of less than 5 orders of magnitude from 10 to about 
10' ohms/square, for compositions containing 1 to 10 
percent by weight of Said conductive polymer. 

7. The composition of claim 1, wherein said conductivity 
controlling polymer matrix provides a means of controlling 
the electrical conductivity of Said composition within a 
range of less than 3 orders of magnitude from 10 to about 
10" ohms/square, for compositions containing 1 to 8 per 
cent by weight of Said conductive polymer. 

8. The composition of claim 1, which further comprises a 
polymerization initiator Selected from the group consisting 
of photoinitators and thermal initiators. 

9. The composition of claim 1, which is curable with high 
energy radiation electron beams, X-rays, UV radiation, 
microwave radiation, infrared radiation, corona discharge, 
gamma rays and heat. 

10. A composition comprising: 
a) up to about 99.5 percent by weight of a film-forming 

matrix comprising blends of i) 0 to 50 parts by weight 
of a film-forming polymer withii) about 50 to 100 parts 
by weight of a functionalized film-forming material So 
as to provide 100 total parts by weight of film-forming 
matrix, Said material being Selected from the group 
consisting of acrylates and methacrylates, including 
monomers, oligomers, polymer precursors and poly 
mers thereof and mixtures thereof, wherein the acry 
lates and methacrylates contain at least one function 
ality Selected from the group consisting of urethane, 
epoxy, glycol, hydroxyl, polyester, ethoxylates and 
propoxylates, and 

b) from about 0.5 to about 20 percent by weight of an 
intrinsically conductive polymer dispersed in Said poly 
mer matrix; 

wherein Said functionalized film-forming material con 
trols the electrical conductivity in Said composition 
within a range of less than 5 orders of magnitude from 
about 10 to about 10" ohm/square, and wherein the 
dried and cured composition has a conductivity greater 
than about 10 S/cm. 

11. The composition of claim 10, which when applied to 
an insulating Substrate in thicknesses ranging from about 0.1 
to 30 microns, provides Surfaces resistances to Said insulat 
ing substrates in the range of from about 10 to about 10' 
ohm/Square. 

12. The composition of claim 10, wherein the film 
forming polymer is Selected from the group consisting of 
polyolefins, polydienes, polyacrylics, polyacrylic acids, 
polyacrylamides, polymethacrylic acids, poly(methacrylic 
acid esters), poly(methacrylamides), polyvinyl ethers, poly 
vinyl halides, poly(Vinyl nitriles), polyvinyl esters, hydroxy 
containing polymers, polyvinyl pyrrolidone, polystyrenes, 
polyoxides, polycarbonates, polyesters, polyanhydrides, 
polyurethanes, polysiloxanes, poly Sulfones, poly 
(sulfonamide S), polyamides, polyimine S, 
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polybenzimidazoles, carbohydrates, and polymer mixtures 
and copolymers derived therefrom. 

13. The composition of claim 10, wherein said intrinsi 
cally conductive polymer is Selected from the group con 
Sisting of polyanilines, polythiophenes, polypyrroles, poly 
(phenylene vinylenes), poly(arylene vinylenes), poly 
(isothianaphthalenes), and Substituted derivatives thereof. 

14. The composition of claim 10, which additionally 
comprises processing aids, crosslinking aids, plasticizers, 
blowing agents, lubricants, Surfactants, texturants, colorants, 
pigments, clays, micas, Silicas, flame retardants, Stabilizers, 
reinforcing fibers, adhesion promoters and mixtures thereof. 

15. The composition of claim 10, which additionally 
comprises an organic Solvent. 

16. The composition of claim 10, further comprising a 
polymerization initiator Selected form the group consisting 
of photoinitiators and thermal initiators. 

17. The composition of claim 10, which further comprises 
a polymerization initiator Selected from the group consisting 
of photoinitators and thermal initiators. 

18. The composition of claim 10, which is curable with 
high energy radiation electron beams, X-rays, UV radiation, 
microwave radiation, infrared radiation, corona discharge, 
gamma rays and heat. 

19. A process for making a conductive coating or blend 
composition comprising: 

1O 
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preparing a dispersion of an intrinsically conductive poly 
mer in a thermoplastic polymer matrix and mixing 
a) from about 0.5 to 20 percent by weight of said 

dispersion of Said intrinsically conductive polymer 
in Said thermoplastic polymer matrix; and 

b) from about 80 to 99.5 percent by weight of a 
functionalized film-forming polymer matrix; 

wherein the Said film-forming polymer matrix controls 
the conductivity in Said composition within a range 
of less than 5 orders of magnitude from about 10 to 
about 10' ohm/square, the matrix being selected 
from the group consisting of liquid and molten 
functionalized film-forming materials containing 
acrylates and methacrylates, including monomers, 
oligomers, polymer precursors and polymers thereof 
and mixtures thereof, functionalized with Substitu 
ents Selected from the group consisting of urethane, 
epoxy, glycol, hydroxyl, polyester, ethoxylate and 
propoxylate functionalities, and wherein Said com 
position is polymerizable to form cured coatings and 
blends having Surface resistances in the range of 
from about 10 to about 10" ohms/square. 


